for regulation. It is shown that the system will converge to rc different attractors for different initial conditions with the same control parameters. Simulation results are given to illustrate iL2 the phenomenon. This study is relevant to practical design. 2 ,i Specifically we show that the stability regions obtained from X linear methods (i.e., considering only local stability) can be overoptimistic as the global stability regions are found to be more restrictive in the parameter space.
Vcon2
Vramp I. INTRODUCTION (a) Power supplies based on paralleling switching converters Vref V offer a number of advantages over a single, high-power, centralized power supply. They enjoy low component stress, increased reliability, ease of maintenance and repair, improved thermal management, etc. [1] , [2] . Since current sharing has RF1 CF1 to be maintained among the paralleled converters, some form (b) of control has to be used to Fig. 1 . Previous studies of such systems have focused on pure proportional control converters with PI control under master-slave current sharing.
[5], which is not normally used in practice. The use of PI We show that different initial conditions may lead to different control introduces a low-pass characteristic to the feedback steady states. Thus, linear stability analysis methods, which loop, thereby suppressing high-frequency components in the basically evaluate the convergence of the system trajectory to feedback signal. The resulting bifurcation and stability be-the desired steady state starting from a nearby point, can be havior is therefore different. In this paper we will consider misleading. In this paper we report the phenomenon, present practical PI control in our simulation study. specific basins of attraction for the different attractors, and Basically we find that for parallel connected converters, the derive the critical values of control parameters for which the desired operating orbit is not always reached from all initial system loses stability of its expected operation. We generally conditions, even though the orbit has been found locally stable observe that stability boundaries obtained from equivalent lin-(e.g., from a linearized model). Depending on the initial state, ear methods are over-optimistic, in that the system is actually the system may converge to a different attractor, which can be more prone to instability. Thus, reliable stability information a limit cycle of a long period, quasi-periodic orbit or chaotic can only be obtained with the basin of attractions duly taken orbit. In this paper, we examine parallel connected buck into consideration. In the following, we find the basin boundaries numerically 10 10 in relation to initial point XO, and determine how they are 8 8 affected by the controller parameters K1, K2, TF1 and TF2. . As TF1 and TF2 decrease, the system goes from being globally stable to partially stable, and eventually unstable.u4 Furthermore, we present the case where the currents are Yellowi region maintained equal initially but the initial output voltage assumes 2 a value different from the desired one. From the above results, an important conclusion can be made. The stability of the operating orbit can not be de-increase with TFF1WO, TF2WO. Also, the gap between the two termined purely from the linear model or any method that boundaries widens as TFF1WO and TF2WO increase. Within the tests stability by perturbing near the operating orbit. Stability gap, coexisting attractors exist and stability information may information can be unreliable since global stability is not be unreliable. It should be noted that the coexisting attractors generally guaranteed from local stability tests. In general, we do not exist in single buck converters, as shown in Fig. 5 (b) , get different stability boundaries for different initial conditions. where the two boundary curves overlap in the parameter space.
The stability boundaries for the parallel connected buck Figure 6 shows the effect of the current Fig. 7 shows the effects of changing the size of space, the system changes from being stable to unstable, or inductors L1 and L2. We fix the difference of L1 and L2, and vice versa. In Fig. 5 (a) , K1 and K2 almost exponentially maintain the system in continuous conduction mode (CCM). inductors are small, the system bandwidth becomes wide,
